A group of dissolved-bioavailable organochlorine (OC) pesticides and inorganic anions in water and total OC pesticides in sediments were measured in the Malheur Watershed, a semi-arid region in the western United States, over a 2-year period. OC pesticide levels were compared with those from a 1990 study of the lower section of the river, the most recent data available. After calculating the dissolved fraction from the 1990, study it seems that DDD and dieldrin levels have decreased in the water by 50-70%, while DDE and DDT have changed little. Although banned nearly 30 years ago, DDT is still persistent throughout the Malheur River basin/watershed because it was found in all water samples tested. All of the OC pesticides tested during the 2-year study are well below the criterion continuous concentration for aquatic community exposure as defined by the U.S. Environmental Protection Agency (EPA). OC pesticides appear to be decreasing, however, at lower Ontario there remains a human health risk (EPA Human Health Risk Water Quality Criteria) for DDT, because this criteria includes daily consumption of water and fish from the river. Overall, although the upper forest watershed sites have lower OC pesticide concentrations, they represent an important contribution to the total DDT load to this watershed, a source not previously acknowledged. The large increase in DDT and SDDT between the Ontario sites may indicate a possible historical point source of contamination or historical preferential deposition of contamination. Normalized sediment (SDDT/organic carbon) strongly correlates with dissolved water SDDT.
T here is renewed interest in organochlorine (OC) pesticides due to substantial evidence of their link to endocrine function. After the ban of DDT in most western countries (in the early 1970s), studies concluded that DDT and similar OC metabolites were on a slow simple degradation curve. Since then many studies have investigated the fate and behavior of pollutant/soil/water 'aging' and there are many site-specific environmental factors governing these processes (1, 2) indicating the decline is far from simple first order degradation. Most monitoring projects lack regional perspective, avoid remote areas, and typically focus on bays, harbors, large lakes, and wetlands (temporal/humid environments; 1-4). OC pesticide regional perspective studies of semi-arid environmental regions are limited.
The Malheur Basin, in eastern Oregon, drains desert mountains and semi-arid uplands, while the lower northeastern corner drains through a nutrient rich flood plain that supports agricultural and urban activities. In 1990, studies (5, 6) confirmed compromised water quality in the area, nutrients (nitrates >10 mg/L) in groundwater, and pesticides (dacthal, DDT) in surface water (5, 7) and with no follow-up investigations of OC pesticide temporal trends, the DDT levels found required the continued listing [via EPA 303(d) clean water act; U.S. EPA ambient fresh water quality regulations are 1.0 ppt DDT for aquatic life and 0.59 ppt DDT, DDE, and DDD for human health; 8] of this watershed. The 1990 study concluded that the OC pesticides were solely from nonpoint valley agricultural drainages (5) .
Semi-permeable membrane devices (SPMD) were used for OC pesticide field water sampling at the Malheur river sites. Recent studies detailing the development and application of SPMD for passive in situ monitoring (9-10) of aquatic contaminants has been previously presented (11) . SPMD were selected because they sample only chemicals in solution (dissolved), while excluding those sorbed on organic matter or particulates. Aquatic toxicity data, water quality criteria, and threshold limit values are based on dissolved concentrations (i.e., in solution) and not total residue levels (12) . Furthermore, SPMD sampling gives an integrated exposure over the entire sampling period that may better approximate actual exposure.
Agricultural best management practices (BMP) have been implemented within the last decade, and further remediation is scheduled over the next few years. The nature of future remediation would depend on the temporal trends and current DDT levels, as well as other contaminates and chemical and physical characteristics of the watershed. How persistent these compounds are in this specific semi-arid environment has not been investigated. This study was designed to obtain up-to-date information on the current levels and temporal trends in the Malheur Watershed, including several land use types: urban, agriculture, and forest. Additional insight into the persistence of the compounds as dissolved water contaminants, current homolog-metabolite partitioning, and spatial distribution of the compounds within the watershed is presented here. Also determination of sediment profiles and correlation with water dissolved (bioavailability) was investigated.
Experimental

Study Area
The 1998 sampling sites were designed to obtain current OC pesticide dissolved concentrations in the Vale and Ontario area and duplicate sites from the 1990 study (7; Figure 1 [1] [2] [3] [4] there is continuous input of agriculture drainage ditches and irrigation inputs. Sampling areas near and distant from wastewater outfalls were considered important because many important historical chlorinated hydrocarbon emissions were discharged through publicly owned treatment works (3). Table 1 for site description). In 1999, sites No. 1 and 3 were replicated and 4 additional sites upriver were added to the field sampling. In general, sites No. 5-8 were designed to be upriver of intensive agricultural activity, and to be representative of a large portion of drainage from the Malheur National Forest into the Malheur River ( Figure 1 ). All upriver drainages represent similar geography and land use patterns. The major drainages from the Malheur National Forest into the Malheur River were sampled with the exception of Bully drainage (east of Westfall, Oregon) which was dry or nearly dry in October 1999. The October sampling time correlates with one of the previous sample times in a 1990 study, it is post irrigation, and represents a time when runoff and seasonal snow melt is low throughout the region.
Gauging stations were not available at our specific sampling locations. Review of historical data at a nearby station, the Malheur River Warmsprings Reservoir Gauging Station (#13215000), indicates that the average discharge was 500 cfs (cubic feet per second) for all 3 summers proceeding sampling, October 1990, 1998, and 1999. The discharge from Warmsprings Reservoir during fall was low to zero in 1990, 1998, and 1999. The Snake River gauging station (#132690000) at Wieser, Idaho (Figure 1 , down river from our sampling area), had similar discharge rates in the fall of 1990, 1998, and 1999 of ca 10 000-11 000, 10 000-14 000, and 10 000-12 500 cfs, respectively. The North Fork Malheur River at Beulah Gauging Station (#13217500; Figure 1 , below the reservoir and below our site No. 6) had discharge rates during the sampling periods ranging from 50-0, 125-0, and 125-0 cfs in 1990, 1998, and 1999, respectively.
Sampling Procedure
Field sampling was conducted during October 1998 and 1999. Dissolved water samples were collected by deploying SPMDs in protective mesh cages. The devices consist of neutral lipid (i.e., triolein) enclosed in layflat nonporous polymeric tubing (LDPE; 13). Four individual SPMD were included in each cage. A submersible temperature data logger was attached to each SPMD canister to monitor water temperature during the sampling period. Each SPMD was suspended with "float-cable-cage-cable-anchor" arrangement; each was submerged ca 1-2 m below the surface. Sets of SMPD trip blanks were exposed to the atmosphere at each site during SPMD deployment and recovery to account for any atmospheric contamination. The SPMD were deployed for 20-22 days (Table 1) . SMPD were kept on ice in sealed airtight containers during transport to and from field sites. Table 1 shows site descriptions, deployment dates, collection dates, and length of deployment. Complete SPMD device descriptions have been previously published (14) . The SMPD were cleaned after deployment with a dual brush pass-through device; no algae fouling was observed on any of the devices during the study. No fouling impedance was used in the calculations of estimated water concentration because algae growth was nil to minimal on the units.
Sediment samples represented a surficial streambed (upper 15 cm) grab sample near the location of each SMPD deployed. Sediments were collected with a glass jar used to obtain a shallow core from natural depositional zones. Water samples destined for anion analysis were collected in HDPE (high density polyethylene) bottles and kept on ice until arrival at the laboratory, where they were kept at 4°C until analysis. The samples were filtered through a 0.45 µm disposable filters prior to analysis.
Analytical Procedure
The SPMD used in the project were purchased from Environmental Sampling Technologies (EST), a division of CIA Laboratories, Inc. (St. Joseph, MO). The 1998 set of SMPD was sent to EST for initial processing. The sample processing used by EST has been previously described (9) . The final extracts (ca 5 mL in hexane) were sealed in amber vials under purified nitrogen and returned to our laboratory for analyses. The 1999 samples (extracted in our laboratory) were run through gel permeation chromatography (GPC), and analyzed using gas chromatography with electron-capture detection (GC-ECD). Quantitation of OC pesticides was accomplished using a 5-8 point calibration. Calibration standards included: 1.0, 2.0, 5.0, 50, 100, and 250 ng/mL. The method detection limits (MDL) were 0.01 ng/SMPD sample (which represented a composite of 4 triolein tubes). The MDL was based on a signal 3 times the baseline. Sediment samples were extracted using supercritical fluid extraction previously described (15) . The GC-ECD was a Varian Model 3600 (Palto Alto, CA), with operational conditions as follows: initial GC temperature 250°C; initial column temperature 150°C for 2 min, then 255°C for 14 min, then a final temperature 270°C for 15 min; detector temperature 350°C; column DB-5, 30 m, 250 µm; helium carrier gas; 35 min runtime; 5 µL injection. The following analytes were quantitated: dichloro diphenyl trichloroethane = DDT (CAS# 50-29-3, an insecticide); 1,1(dichloroethenlyidene) bis(4-chlorobenzene) = DDE (CAS# 72-55-9, a DDT-metabolite); 1,1dichloro-2,2-bis(p-chlorophenyl)ethane = DDD, (CAS# 72-54-8, TDE, an insecticide, and a DDT-metabolite); and dieldrin (CAS# 60-57-1, an insecticide, and aldrin-metabolite). Approximate GC retention times for DDE, dieldrin, DDT, and DDD are 18, 19, 20, and 22 min, respectively. Sediment organic matter (and total organic carbon) determinations were performed by the Walkley Black method, a titrimetric procedure. The anion analysis was by EPA Method 300.0, an ion chromatography-conductivity detection (Dionex 120) procedure. The pH was performed at the time of sampling, using a field pH Beckman (Fullerton, CA) electrode unit ( Table 2 ). Dissolved organic carbon (Malheur site No. 1 only) was determined using EPA method 415.1/2.
Quality Control
Field and trip blanks were used with each deployment and collection. The field blank SPMD sample (containing 2 triolein tubes) was opened and exposed to the atmosphere during deployment and recovery at each site, with the exception of one site when during deployment the field blank was inadvertently not opened. These field blanks were processed and analyzed exactly as deployed SPMD samplers. Laboratory generated blanks were also analyzed with each sample set. Samples containing organochlorine residues exceeding the blanks were considered positive for OC pesticide residues. Transport blank values were multiplied by the water volume they would have been exposed to if left with the other SPMDs. Two 1998 transport blanks were analyzed (each representing 2 composites); DDT, DDD, DDE, and dieldrin average values were <0.01, 0.02, 0.03, and 0.01 ng/L, respectively. Two 1999 transport blanks were analyzed (each representing 2 composites); DDT, DDD, DDE, and dieldrin average values were <0.01, 0.01, <0.01, and <0.01 ng/L, respectively. A third trip blank container can leaked during transport, i.e., container can was 1/4 full of water. No other cans leaked. The SPMD were analyzed and analytes in this nonroutine blank were still <0.02 ng/L; because this travel blank did not represent typical sampling practices it was not included in the performance evaluation.
Performance evaluation spikes and fortified samples were prepared and analyzed in similar fashion to the purified SPMD samples. OC pesticides were fortified at 50 µg for soil samples (n = 2); the average soil fortification recoveries for DDT, DDE, DDD, and dieldrin were 83, 79, 84, and 89%, respectively (Table 3) . Recoveries from water samples (n = 7) processed through the gel permeation chromatography and analyzed by GC-ECD for DDE, dieldrin, DDT, and DDD averaged 95.4, 99.6, 97.1, and 102%, respectively (Table 3 ). Analytical duplicates were run on different days and where possible different injection volumes were used. Results of duplicates are within 15%. Overall, the recoveries and results of the quality control samples are generally excellent for analyses of this type. 
Data Analysis
The theory and mathematical models required for estimation of analyte water concentrations from the concentration in the SPMD lipid have been previously described (14) . Table 4 shows estimates of OC pesticide water concentrations. The following equation is used to calculate the dissolved (readily bioavailable) water concentration:
C w = C spmd V spmd /R s t where C w is the concentration of analyte in water, C spmd is the concentration in lipid (smpd), t is the exposure time in days, V spmd is the volume of lipid/membrane, and R s is the SPMD sampling rate (16) . Sampling rates (R s ) for a large series of OC pesticides have been precisely determined at a couple temperatures; however, not at the exact temperatures at our field sites. An extensive temperature dependence study has recently been completed for polycyclic aromatic hydrocarbons (PAH; 11). The calculation of R s to the exact temperatures in our study was extrapolated beginning with the literature R s data at 26°C and based on a 0.5R s decrease per 16°C (14, 16, 17) .
Results and Discussion
The results of the Malheur waterbasin SPMD, anion analysis, and sediments analyses are presented in Tables 2 and 4-6 . In this study, we used 4 composites per sampling site for assessment of water concentration. One limitation of this approach is that composite samples, although providing a useful measure of the main central tendency, do not provide information for a statistical assessment of the range of concentrations in the system at each site. However, SPMDs measure a time average water concentration over 20-21 days, therefore, variability between samples at the same site was deemed less important than the ability to increase the total concentration in the samples (composite 4 versus singles) to allow for better analytical quantitation at the sub-ppt levels. Field duplicates using SMPD have been previously reported and the results varied <20% (17) .
R s Calculations
Extrapolation of the R s data to the required sampling temperature is required. We investigated 3 different estimation approaches. Estimating R s to the appropriate temperature requires either using R s at 10°C (based on R s at 10°C = 0.5R s at 26°C) or plotting R s versus temperature based on 2 limiting conditions. The first approach is to use 0.5R s based on the R s data published for OC pesticides at 26°C (9, 10, 14, 17; i.e., R s at 10°C). The second approach was to use the information on t 1/2 values, and extrapolate to the exact temperature at each site; the extrapolation is based on 0.5R s /16°C. For this approach a forced zero intercept was not made (i.e., there is still a sizable sampling rate, R s at 0°C). The third approach is the same as described above (approach 2) but forces an R s value of 0.0 (L/day) at 0°C. This approach assumes that there is no diffusion to the SPMD at 0°C (certainly zero or near zero in frozen water). The third approach might underestimate the total volume, because at 0°C (liquid, flowing water) there is diffusion. The estimated dieldrin water concentration(s) at lower Ontario would be 0.90, 0.97, or 1.1 ppt for each approach, respectively. Although there is clearly some theoretical and practical differences between the approaches, our estimation approach (second approach) seemed to be a good compromise (0.97). Overall, given the analytical accuracy and inherent variability of field sampling, this difference between estimation methods for R s probably is not significant. Most estimated water concentrations from the 3 estimation approaches are nearly the same at the reporting level. In general, the consistency from the temperature analysis and estimation evaluation gives further confidence to the process of estimating C w from C spmd (18) . Estimated water concentrations are given in Table 6 .
Temporal Trends and Comparisons
The most recent data available in this region is from a 1990 study in which organic analyses were performed on whole water samples. A calculation of the 1990 data can be done based on the suspended organic content, SOC, and the organic carbon partition coefficient, which provide a rough estimate of the dissolved OC pesticides in 1990.
SOC was calculated using the following equation:
where OC% = percentage organic carbon, and SS = suspended sediment; the OC% was very consistent at Site 1 in 1990, 1998, and 1999; the OC was 0.41, 0.44, and 0.45, respectively. The dissolved concentration was calculated using the following equation:
where C total = concentration in whole water, C dissolved = dissolved concentration [bioavailable], K oc = the organic-carbon partition coefficient, and SOC = concentration of suspended organic carbon.
The results of the calculations indicate that the dissolved fraction represents about 30, 50, 70, and 90% of the reported whole water DDT, DDE, DDD, and dieldrin concentrations, respectively. The calculated OC pesticide adsorbed/dissolved percentages are in good agreement with other studies in the general region (19) . Figure 2 illustrates the whole water sample from 1990 and the estimated dissolved fraction from 1990; as well as, the data from our study (1998/99). Only general comparisons will be made, but, DDE levels may have increased, DDT levels have not changed significantly, dieldrin levels appear to have decreased about 60-70%, and DDD has decreased about 50-70% (Figure 2) . Overall, the sum of the tested dissolved OC pesticides may not have changed significantly over the last decade. This trend is in agreement with other contaminated sites where similar studies have been conducted and DDT residues have been on a slow decline over the last decade as compared with the faster degradation seen immediately after the initial banning of DDT (3).
Most of the annual precipitation in this region occurs from November through February and May through June. The October sampling events used here represented low flow conditions, after minimal precipitation through summer/fall and post irrigation. The 1990 study (5) found, for the most part, higher levels of OC pesticides in May and August. In general, it would be reasonable to expect that during higher runoff (erosion) seasons the terrestrial contaminated load to the Malheur River increases. Because the 1990 data is for whole water, increased sediment load in high runoff times could easily account for some of the increased OC pesticide concentrations reported for May and August. Sediment load from all sources (forest, urban, and agriculture) may lead to increased OC pesticide load to the watershed. As well, sediment mixing during high flows has been shown to increase dissolved OC pesticide concentrations (20) , therefore, sampling during high flow seasons would probably result in higher measured OC concentrations. Overall, there was little variability of flow rates between the study years. However, due to limit or insufficient data (limited historical records at gauge stations) it is not possible to draw any strong conclusions that any of the differences in OC pesticide data can be attributed to differences in discharge rates during the sampling events or during the prior summer seasons.
A recent investigation (20) (ppt). This region is known to contain elevated levels of ΣDDT in sediments, due to industrial waste and has been heavily investigated (3, 20) . In the Palos Verdes study (20) , the dissolved water ΣDDT declined exponentially relative to distance from the bottom, with the highest values nearest the bottom. The ΣDDT in our study ranged from 0.1 to 5 ng/L (ppt), and all of our cages were close to the bottom, within 1-3 m. Contaminants such as OP pesticides and nutrients are correlated in that their concentrations were found to be all high, or all low, at specific sites. This co-occurrence of contaminants probably relates to common use patterns. Dieldrin remains highly correlated with DDT (and ΣDDT), as well as water soluble anions such as nitrate, chloride, and sulfate. A plot of the concentration of ΣDDT versus nitrate, chloride, and sulfate give r 2 correlations of 0.97, 0.84, and 0.78, respectively (data not shown). Correlation of contaminants such as of OC pesticides has also been demonstrated at other sites (3).
Spatial Distribution-Valley
Monitoring projects in this region have focused on the lower, agriculturally active regions of the Malheur River (7) and concluded that water quality along the lower Malheur continues to deteriorate as it moves downstream due to increasing agricultural and irrigation input. This picture, however, tends to imply a continuously degrading nature of the water quality that is not entirely accurate for ΣDDT and dieldrin. In the results presented here, we found several subtleties that challenge this picture and may affect remediation plan(s) developed for the region.
Four sites (4 × 4) were sampled in 1998, duplicating several sites used in a 1990 pesticide residue study (5) . A large stretch of the river, from above Vale through upper Ontario (sites No. 2-4), is represented by intensive row crop agriculture as well as urban communities, yet the ΣDDT levels remain remarkably consistent. For example, at sites No. 2-4 (upper Vale, lower Vale, and upper Ontario) the DDE is 2.0, 1.5, and 2.0 ppt, respectively in 1998. Similar consistency is seen in the ΣDDT concentrations, 2.4, 1.9, and 2.5 ppt for sites No. 2-4, respectively. Agricultural irrigation and runoff inputs throughout this river stretch would lead to the expectation that ΣDDT would increase as the river moves downstream; this does not appear to be the case. Sites No. 1 and 3 replicated in 1999 found good reproducibility between years (Table 6 ) ΣDDT at site No. 1 was 5.2 and 4.7 ppt in 1998/99, respectively. Given the inherent variability of field sampling over the course of 2 years, the reproducibility of the results are good. The data suggest that during the sampling period 1998-1999, the ΣDDT did not change significantly over this 20-mile stretch of the Malheur River.
Somewhat striking is the increase in dissolved OC pesticides at site No. 1, lower Ontario. The 1998 data illustrates (Table 6) , that DDD, DDE, and DDT increase by a factor of 2-5 compared with the upper river valley sites. The same trend was also observed in 1999. This may indicate that at some time there may have been (or is) a point source for the pesticides at or near the lower Ontario site. A geographical note is that the Ontario airport, municipal wastewater treatment, and an abandoned landfill are between the Ontario sites No. 1 and 2.
Spatial Distribution-Upper Watershed
The lower Malheur River receives about 0.3-0.4 ppt ΣDDT from each of the main tributaries examined (Drewsey, Cottonwood, Beulah, and Willow), a contribution of about 10% to the valley sites (2-4). These tributary sites were chosen because they were upriver, above intensive row crop agricultural activities, and for the most part up-drainage of all ag- ricultural produce activity with the exception of a few scattered hay fields. Although 10% is a small percentage of the total ΣDDT present, this contribution represents a source not previously acknowledged or accounted for in any remediation plans. From a total ΣDDT load to the watershed (see below) it could be substantial, especially the upriver source of DDT for the Malheur River/watershed. The DDT at sites No. 5-8 represents 40-80% of valley DDT (average of sites No. 2-4; Figure 3 ). Review of historical records from the U.S. National Forest Service did reveal that DDT was used in the Malheur National Forest, much of which drains into the Malheur Basin. There were numerous DDT applications in Oregon forests from 1945-1974: a total 2.07 million kg DDT have been applied to forest by aerial applications, dominantly in northeastern Oregon (21) . In a 1972 Malheur National Forest study, forest floor samples collected 3 years after spraying contained 3.3 ppm ΣDDT (22) . The latest DDT applications, in 1974, under a section 18 exemption granted to the Forest Service, involved 54 492 kg DDT applied to Oregon Forest, about 1/4 of which was in the Malheur National Forest (22) . All in all the forest in this region may represent a sizable compartment for ΣDDT. Runoff from snow pack and seasonal precipitation are very low in October and runoff/erosion during wetter seasons might contribute an even larger load of DDT to the Malheur River systems. The snowpack may represent another possible source to this region. DDT is a persistent chemical, therefore it can be globally redistributed. Sources from Asia have been implicated in OC concentrations found in the snowpack of the Sierra Nevada mountains of northern California (south of our study area; 23).
Our results indicate a notable contribution from forested areas in contrast to a previous study in the Northwest (1) United States (central Columbia Plateau) that concluded that forest was the only land use with no detectable OC pesticides (24) . However, it should be noted that of the 23 sampling sites in the central Columbia Plateau study, only one site was considered forested.
Another interesting result when considering larger regional land use practices is the low ΣDDT in the Cottonwood reservoir. Recent studies have generated conflicting information concerning the success of using artificial wetlands/reservoirs/surface ponds to deal with water use and quality issues. The failures of the Kesterson Reservoir, California, are well documented (25) ; however, degradation (detoxification) of OC compounds (e.g., chorophenol) and removal of metals (26) and nutrients have also been reported with artificial wetlands (27) . In our study, DDT in the Cottonwood reservoir waters was considerably lower than comparable streams (>60% lower), while sediments levels were only modestly higher. The Cottonwood reservoir watershed has the same type of land use patterns as the other 3 upriver waterbasins; therefore, detoxification (natural attenuation) may be a factor here, although further study is warranted. 
Water Homolog Distribution
Although DDT has been banned since 1972, nonetheless, it may be important to be able to prove that the residues are from old applications because in rare cases it has been reported that chemicals which have been banned are still being applied by users who "stock-piled" them. The age of the DDT was qualitatively evaluated, by comparing the DDE/DDT ratio, because DDE is a metabolite of DDT. Generally, DDE/DDT ratios >2 strongly suggest old sources of DDT (28) . The DDE/DDT ratios are 5-15 (Table 5) in the Vale to Ontario river section (sites No. 1-4), lending evidence that these residues are from old applications and highly degraded.
The upper river watershed sites (sites No. 5-8) had significantly different homolog distributions, with the DDE/DDT ratios ranging from <1 to 2.7. Because all of the homolog concentrations are sub-ppt, there may be inherently slightly more variability in their quantitation; however, the ratios are still different from further down river. The DDE/DDT ratios from the upper river watershed sites are lower than the Vale-Ontario rivers section, possibly because of the DDE from surface applications in the forests of the upper river. In agricultural drainage areas, DDT would have been incorporated into the soil, thus DDE volitization may be less. It appears that the upriver sites represent a continuing source of input of DDT, with DDT representing a large portion of the ΣDDT draining into the main watershed.
Streambed Sediment Profile
Sediment samples were collected in 1999 at sites No. 1 and 3-8. Streambed sediment total ΣDDT ranged from <0.05 to 10 (µg/kg) ppb (Table 4) ; in a study about 200 miles north of Malheur (study dates were 1992-1994; central Columbia Plateau, semi-arid region), 1 / 3 of the streambed samples were not detected for OC pesticides and the remainder ranged from 1 to 75 ppb (24) . In the central Columbia Plateau study, 2 sites had very high ΣDDT (36 and 75 ppb), while the remainder of the study sites had levels that were very similar to our data, ranging from 1-12 ppb. In a study nearly 25 years ago (near when DDT was discontinued) at Bear Creek, Mississippi (29) , the streambed sediments total ΣDDT values ranged from 30 to 1000 µg/kg (ppb), prominently higher than the studies of the last decade.
A plot of ΣDDT concentration in water versus ΣDDT sediment gives little correlation (r 2 = 0.5). Often sediment ΣDDT is associated with the organic matter or total organic carbon (TOC). A plot of sediment ΣDDT versus TOC results in no correlation (r 2 = 0.1). There is also no correlation between ΣDDT Overall, the sediment along the main stretch of the Malheur River had higher concentrations of OC pesticides. Most notably, lower Vale (site No. 3) had a very high level of DDE (8200 ppt); a factor of 2 or more above all other sites sampled. A possible point source contribution is the Vale wastewater treatment facility that is adjacent to this site. In all the sediment samples tested, DDE was by far the most prevalent compound (DDE was about 70% of ΣDDT) with only one exception. DDE is the primary soil degradation product of DDT under aerobic conditions (30) . Cottonwood reservoir (site No. 7) was the exception, with DDD constituting the primary DDT byproduct possible because these sediments may often be under anaerobic conditions. This is similar to the results from the central Colombia Plateau study, where DDE represented 80% of ΣDDT in streambed sediments (24) . Unlike the water samples, the sediment homolog distribution at all the sites was more similar. The ranges of DDE/DDT ratios were 4.5 to 8, with exception of the Vale No. 3 site that had a DDE/DDT ratio of 17. DDT and dieldrin were near or below detection limit at the 4 upriver sites (No. 5-8), requiring caution in interpretation. Cottonwood sediments were slightly higher than the other 3 upriver sites, which may be due to the reservoir acting as a historical compartment from upper watershed erosion and runoff.
Toxicity Issues
From the U.S. National Recommended Water Quality Criteria (8) the freshwater Criterion Continuous Concentration (CCC) for DDT is 1.0 ppt. The freshwater CCC is an estimate of the highest concentration of a residue in surface water to which an aquatic community can be exposed indefinitely without resulting in an unacceptable effect. All the sites tested in 1998/99 had <1.0 ppt DDT. The dieldrin CCC is 56 ppt; all samples were well below this level. EPA defines human health risk criteria for priority pollutants based on carcinogencity of 10 -6 risk. That is, the Human Health Risk Water Quality Criteria are derived for an increase in cancer risk no greater than one in a million for individuals drinking water from the river and eating fish taken from the river. Briefly, to arrive at the risk it is assumed that an individual drinks 2 L water from the river and eats 6.5 g fish per day from the river (based on a 70 kg individual). A complete derivation of the risk calculations will not be provided, but an excellent discussion is provided in Nowel and Resek (31) . Because the OC pesticides tend to concentrate in fish (32) , a bioconcentration factor is used (31); consequently, by far the dominant contributor to the human health risk is eating the fish. The EPA Ambient Water Quality Criteria-Human Health (HH) for DDT is 0.59 ppt. Only one sampling site was above this level, the lower Ontario site No. low the criteria. The HH criteria concentration for DDD is 0.83 ppt. All the samples tested except the upper Vale in 1999 were below the DDD HH concentration. The HH concentration for dieldrin is 0.14 ppt; all the Vale and Ontario sites exceed this criterion, and all of the upper watershed sites (No. [5] [6] [7] [8] are below the human health ambient water quality criteria for dieldrin.
The Oregon Water Quality Criteria (WQC) for protection of HH (includes water and fish ingestion as discussed above) is 0.024 ppt for DDT. The Oregon WQC for protection of aquatic life for fresh water acute limit is 1.1 ppb and for chronic limit is 0.001 ppb for DDT. Because Oregon's WQC-HH is significantly lower than EPA 15, all sites investigated had DDT values above the Oregon criteria. None of the sites investigated exceeded Oregon's WQC for protection of aquatic life for the acute or chronic limits.
Conclusions
Overall, the combined dissolved OC pesticides have changed little over the last decade. Bioavailable, dissolved DDD and dieldrin have declined during the last decade, while DDE and DDT have remained level or increased in the Malheur Watershed. DDT remains persistent throughout the Malheur River basin/watershed where DDT was found in all water samples tested. There remains a human health risk, especially as it relates to fish consumption from the river. The lower Ontario site (No. 1) is notably above the EPA HH for all 4 pesticides tested. All the OC pesticides tested during the 2-year study are below the EPA CCC for aquatic community exposure. DDT is above Oregon's WQC-HH for all land use sites, including forest, agriculture, and urban sites. The large increase in DDT and ΣDDT between the Ontario sites indicates a possible point source of contamination near lower Ontario and/or another possibility is historical deposition of contaminants. Future remediation could have a large impact if this OC load could be identified and eliminated or reduced.
Overall, although the upper forest origin watershed sites have OC pesticide concentrations that are low, they represent an important contribution to the total DDT load to this watershed, a source not previously acknowledged. These values will need to be confirmed and additional sampling sites will need to be included, but this study may dramatically affect a comprehensive management plan for this watershed.
